Background: Individually tailored healthcare, in the form of precision medicine, holds substantial potential for the future of medicine, especially for a complex disorder like Parkinson's disease (PD). Patient self-tracking is an under-researched area in PD. Objective: This study aimed to explore patient-initiated self-tracking in PD and discuss it in the context of precision medicine.
INTRODUCTION
Precision medicine (or personalized medicine) is achieved when "health care is individually tailored on the basis of a person's genes, lifestyle and environment" [1] . A complex and multifaceted neurodegenerative disorder like Parkinson's disease (PD), with its plethora of symptoms (motor and non-motor) and treatment side effects, is likely to benefit from a precision medicine approach. Such an approach would include consideration of for example genes, clinical subtypes, personality and preferences, lifestyle, pharmaco-economics, aging, and comorbidities [2, 3] . Technology-based objective measures are seen as a potential contributor to precision medicine in PD [4] .
To achieve precision medicine, focus needs to shift from patient cohorts to what works for an individual patient [5, 6] . Historically, important insights have come from observations made by clinicians on individual patients or on themselves. The former is often reported as a case study and the latter is known as self-experimentation. Before the Helsinki Declaration, physicians conducting experiments on themselves prior to testing their ideas on patients was one way to ensure research ethics [7] . Selfexperimentation has resulted in important progress including a number of Nobel prizes [8] , for example for the discovery of Helicobacter pylori as a cause for gastric ulcers [9] . Observations by patients have also contributed to important insights. A few notable examples are the surprising side effects of Sildenafil or that smoking cessation is associated with depression, both of which has led to new effective treatments [10] . Case reports are frequently used in PD to report on clinical observations or findings and we have previously published a patient-driven study, in which the first author (SR) conducted an experiment on herself to improve self-management of her PD [11] . To the best of our knowledge, no other patient-driven case reports have been published in PD.
Technology enables patients to be more active in the management of their health by making use of technology for self-tracking of symptoms and selfcare [12] . Self-tracking can also significantly improve clinical measures; in an RCT of 766 patients undergoing chemotherapy, overall survival for patients tracking 12 symptoms using a web-based platform was compared to care as usual. Patients tracking symptoms had a median overall survival of 31.2 months compared with 26.0 months for the group receiving usual care. The main reasons for the difference are early responsiveness by nurses on potentially adverse events, and increased tolerability to chemotherapy for the patients through the process of tracking [13] .
Patient self-tracking is an under-researched area in PD. A review of sensors for patient self-tracking found that technology-based objective measures have been demonstrated to have clinical relevance for assessing motor aspects of PD as well as the potential to improve individual outcomes [14] . Efforts have also been made into discussing the potential of using technology to quantify well-being and HRQoL in PD [15] . The latter is a viewpoint article and also includes the patient perspective in the form of three persons with PD (PwP) sharing what they hope technology can contribute to their PD management. We have however not been able to find any studies on patients' practical experiences of applying technological selftracking to aspects of PD.
The primary objective of this study was to explore patient-initiated self-tracking in PD by investigating the daily variations of the effects of the first author's PD medication. The secondary objective was to discuss this example in the context of precision medicine.
METHODS
SR displayed her first symptoms of PD in her early teens, around 1984, and was formally diagnosed with juvenile onset PD in 2003. Her engineering background and interest in technology has led to exploration of self-tracking for personal benefit. Her most affected side is the left and main symptoms are bradykinesia and rigidity. She does not have tremor and was on a stable dose of PD medication during the study period (see Table 1 ).
Tapping tests are frequently used in neurological clinical examinations to assess different aspects of motor function. They have been shown to be a useful, reliable and valid tool for clinicians to assess symptoms of advanced PD [16] . At home touch screen assessments of finger tapping have been shown to correlate to conventional scales for evaluating PD [17] . Our study was inspired by a Swedish study [18] using a personal digital assistant (PDA) for capturing finger tapping during 20 seconds of alternate tapping, where the user taps with the same finger but alternates between two boxes, side by side, to tap in. In that study, patients were expected to perform the test in a home environment several times per day for a period of about one week. The system has demonstrated the ability to capture individual daily variability of PD [19] .
At the time for data collection (March 2012), the subject/first author (SR) owned an iPhone 4 to use for capturing finger tapping data. Therefore a search was made of the Apple app store for a free iOS app that was able to capture alternating finger tapping for at least 20 seconds. The app 'FastFingers' was found to record the number of taps on the screen for 30 seconds from the first tap and present the total number on the screen. We could not find any apps designed for alternating tapping so we decided to use FastFingers with non-alternating tapping. 
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The intention was to conduct tapping tests frequently, at least 10 times per day with each hand during a study period of 5 days. During the study period, times for medication intakes were noted manually and finger tapping was captured using the iPhone app FastFingers. Data was collated and visualized using Microsoft Excel.
Ethical considerations are important in all research and although an ethical review board has not reviewed our study, ethical issues have been considered. The subject, who is also the first author, conceived the study. She was well aware of the potential risks and benefits and the usual power imbalance between researcher and research subject does not apply. This experiment was originally conducted without the intent to publish the results. However, we consider it ethical to share our experiences and lessons learned in order to further the field of patient-initiated selftracking by publishing our findings in a scientific journal.
RESULTS
Data collection was initiated on 12 March 2012
and continued for four days. Finger tapping was conducted 13 times with each hand on the first day, 9 times on the second, 7 times on the third, and 3 times on the fourth. On the fifth day no data was collected. SR realized that to add the collection of data to your everyday life, even if it is self-imposed, takes time and effort and can be a challenge to combine with work, family life and other obligations.
Only data from the first two days were complete enough to analyze. Data from finger tapping tests performed on 12 March and 13 March are presented in Fig. 1 . The graph was produced in Microsoft Excel and shows tapping test results (lines) and medication intakes (bars).
Reflecting on the results of the two days lead to the observation that there seemed to be a dip in finger function, especially on the more affected, left side, around the time for the second dose of the day (11:30 am), see Fig. 1 . The results are 85 taps with the left hand in 30 seconds at 11:19AM on the first day, to be compared to the maximum value that day, which was 106 taps at 9:21AM.
Based on the results of the test, SR initiated a dialogue with her neurologist about adjusting the timing and/or dosage of medications to reduce the dip seen in Fig. 1 . 
DISCUSSION
The future of medicine lies in precision medicine and its potential for contributing to personalized treatments. The individualized manifestations and fluctuating nature of PD should make it particularly suitable for a precision medicine approach, including patients' self-tracking efforts with the aim of enabling better understanding of individual variations.
The subject of our study realized with the help of a finger tapping test that her motor function was not the same throughout the day and specifically that she had a dip in function around lunchtime. The question arises if such a dip is clinically relevant. The study was patient-initiated and no clinicians were involved in collecting, analyzing, or interpreting the results. We do however consider it reasonable to assume that a difference in finger agility of 21 taps per 30 seconds is likely to have an effect on for example the subject's typing speed, which is of relevance to the subject in question.
Another relevant question would be: Is two days of data enough to find patterns in disease and medication effect? Would not a longer period of data collection be able to provide more valuable insights for both patient and physician? Of course more data is always desirable and we cannot be certain that the patterns identified would be seen also on the subsequent days. From a patient perspective, identifying a problem or seeing an effect may often be considered enough, and weighing the added benefit of gathering more data against the burden of continuing the data collection may result in patients terminating data collection earlier than what would be the case in a conventional clinical study. The primary objective of this study was to explore patient-initiated self-tracking in PD and all findings will need further work to confirm or dismiss their importance.
There also seems to be other potential benefits to self-tracking. SR found, similar to what Pantzar and Ruckenstein [20] reported from their participants, that when she interacted with the collected data during analysis and visualization, she was able to reflect on what they meant in her specific context. The feedback loops that were created led to SR learning about both the specifics of her different medications as well as what the combination of them meant for her motor function over the course of the day. When data from self-tracking is shared in a clinical encounter, it has the double benefit of potentially contributing to the learning of both patient and clinician.
Since March 2012, when the data for this study were collected, there has been a lot of development in the area of smartphone aided self-tracking for PD. A few notable examples are the smartphone apps mPower and uMotif, and the SENSE-PARK system. The mPower app was launched as part of Apple Research Kit in March 2015, aiming towards a better understanding of the variations of PD and potential modulators as well as providing real-time feedback to the participants [21] . Publications from research using mPower show interesting results and great potential but as far as we can understand, realtime feedback has not yet been achieved [22] [23] [24] . The self-management app uMotif (available on iPhone and Android) was evaluated in a 16 week trial of 158 PwP where using the app was compared to treatment as usual. A small but statistically significant improvement was seen in self-reported medication adherence and PwP perceived increased quality of consultation (other outcome measures were QoL and symptom control). The SENSE-PARK system was developed in an EU project for home based evaluation of PD and consists of software, a smartphone app, a Wii balance board and a set of sensors. The feasibility and usability of the system tested positively in a 12 week study of 22 PwP [25] . The funding period of the project has ended and we have not been able to ascertain the current status of the system. Evaluations of the patient perspective seem to not have been the primary focus in these systems. The only example we have been able to find exploring the user perspective is a formative evaluation of the consent process of mPower [26] , which is of little relevance to our study, since consent is given a limited number of times.
Limitations
Our study is not without limitations. The test we used does not give any information regarding the nonmotor symptoms of PD. In the case of our user, SR, this may not be a major issue, since she does not experience a lot of non-motor symptoms. Complementary tests and/or devices can be added if other symptoms need to be investigated. Furthermore, we have only explored self-tracking for PwP in the context of medication effect. Other potential uses, for example tracking the effects of exercise or diet could be investigated in future studies.
There are also advantages and limitations associated with our chosen study design. A case study is able to describe an observed effect or phenomenon in one or a small number of subjects in a timely manner in order to offer the scientific community the opportunity to discuss and critique the findings. The results from SR's self-tracking can however not be extrapolated beyond the subject in this study without further research. One can also question whether SR is representative for the larger population of people with PD. Not everyone will have the skills, knowledge and attitude to do this type of self-tracking, however we hypothesize that with improved tools and awareness of the benefits of self-tracking an increasing number of people with PD would be able to apply such approaches. Another important limitation for broader application of approaches of this kind is that they require patients with a certain level of autonomy that have the necessary abilities and skills to handle technology.
Conclusions
In conclusion, this study shows that a smartphone finger-tapping test enabled the subject in the study, also the first author, to glean important insights about how the effects of her PD medications varied over the course of the day. This suggests that symptom self-tracking may be useful to PwP. These variations in medication effect could not have been discovered easily in another way and observations like these can be used as a basis for medication adjustments in collaboration with a physician. If shared in a clinical encounter, it has the double benefit of potentially contributing to the learning of both patient and clinician. The patient perspective can also be valuable when developing and implementing new healthcare technologies.
Symptom tracking holds great promise in the field of precision medicine and more work is needed to develop this field. If done right, technology has the potential to improve the understanding of PD from the perspective of all stakeholders. A major challenge when it comes to addressing the needs and wishes of all stakeholders is that the views of clinicians and researchers regarding what is important in order to help PwP are often different from what PwP consider most important [27] [28] [29] . This means that extra focus has to be given, especially in the area of self-tracking, to ensuring that new technological applications are developed to address the issues that patients find important rather than the ones clinicians prioritize. Furthermore, the burden of tracking for the patient needs to be considered in relation to the potential benefit. This will be a key factor in ensuring long-term adoption and use of self-tracking as a sustainable part of precision medicine.
